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Beedenue. CraTba NOCBALIeHa U3MeCpeHHAM JIMHCHMHbIX HU YyIJI0- 
BbIX COCTABJIAIOIIMX MasIbIX TepeMelIeCHHH MOBepxXHOCcTei OO+- 
CKTOB KOHTpoua. J[JId BbINOJHCHHA TaKUX H3MepeHH pa3pabo- 
TaHO BbICOKOTOYHOe OCCKOHTAKTHOe YCTPOHCTBO, OCHOBaHHOe Ha 
COBPeMeHHBIX Jla3epHbIX TeEXHOJIOrMAX WM MeTOAax ONTH4YeCKON 
UHTepepomMeTpuu, a MMCHHO JIBYXXOJOBOrO a3epHOroO HMHTep- 
(bepoMeTpa Cc COBMeIIICHHbIMU BeTBAMH. IIpeyctTaBseHo pacueT- 
HO-9KCIeCpHMeHTaIbHoe OOOCHOBaHHe WaHHOrO yYyCTpOHCTBa. 
TakuM O0pa30M, KayecTBO HM COCTOAHMe MaTepuasiOB UM W3euMi 
MOLYT KOHTPOJIMpOBaTbCA C MOMOIIbIO AaKYCTHYCCKMX Hepa3py- 
TarOulHX MeTOJOB. 

Mamepuanot u memoodoi. IpenqioxeHbl HOBbIe WporpamMMHoe 
oOecileyeHve HU MaTeMaTHYeCKHe MOEN, KOTOPble OMMCbIBaIOT 
ONTHYeCKHe OJ WMHTepPepeHIMOHHbIX KapTHH, CO37aBaeMBIe 
paccMaTpHBaeMbIM UHTepdepometpom. IIpu uncneHHOM MOJIe- 
MpoBaHHN paciipeyeseHuH MHTeCHCHBHOCTH B HHTepdepeHin- 
OHHBIX KapTHHaX UCIOJIb3OBaHbI pa3zsIM4Hble BUJIbI CBETOJeJIMTe- 
le W pa3JIM4Hble Ciydav NONApM3alun. 

Pe3yibmamol ucciedoeanua. Pa3spadoTaHbI HOBbIe MaTeMaTH4e- 
ckue MOJIeIM MW IporpamMMHoe oOeciieyeHve MIA YMCICHHOrO 
MOJ[eJIMpOBaHHA MOeM MHTCHCMBHOCTH OMTHYeCKOTO H3JIy4eHHA 
B HHTepdepeHUMOHHBIX KapTHHax, YUMTHIBAIOMIMe Kak JIMHeH- 
Hy!O, TaK MW yIIOBble COCTaBIIAIOMIMe Masloro MepeMelleHuA M10- 
BePpXHOCTH OObeKTa KOHTpoOIA. PaspadoTaH HW Hay4dHo OOOCHOBAaH 
HOBbIM HHTepPepeHWMOHHbIM MeTO U3MepeHHi MasIbIxX JIMHeH- 
HbIX HW YIJIOBbIX TepeMelICHHH, NO3BOJAIOWIMH OObeEMHUTh B 
OJHOM H3MepUTeJIbHOM CpeJICTBe BO3MO2%KHOCTH H3MepHTesIA Kak 
MAaJIBIX JIMHEMHBIX, TAK HW YIIOBbIX MepeMeleHHM MOBepxXHOcTer 
OOBeKTOB KOHTpoIA. ITpeyoxwKeHbI HOBbIe ONITHYeCKHe UHTepe- 
PCHIMOHHBIe CHOCOOBI HW CpeCTBa JIId OCCKOHTAKTHBIX H3MepeHHit 
MaJIbIX JIMHCHMHBIX HU YIIOBbIX MepeMeleHHH MOBepXHOCTeH OObeK- 
TOB KOHTPOJIA, peasIM3yIOWMe BO3SMOXKHOCTH MeTOAa U paciliMpsto- 
lue (PYHKUMOHAIbHOCTh VM3BeCCTHBIX H3MepuTesei MalIbIx TMepe- 
MeIeHHH. 

Oocyacdenue u 3akmouenud. Ilomy4eHHble pe3yibTaTbl MOTryT 
ObITb UCIHOUb30BaHbI JIA BbICOKOTOUHBIX H3MepeHHi MalIbix 
JIMHCMHBIX WU YIIOBbIX MepeMelleHHM MOBepXHOCTeH OObeEKTOB 
KOHTpoa. Ccbepbl NpHMeHeHHA: SKCIeCPHMeHTAaJIbHbIe UCCIeO- 
BaHHA, OWleHKa UH WMarHOCTHKa COCTOAHHA OOPa3llOB KOHCTPyK- 
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Introduction. Measuring the linear and angular components of 
small displacements of the monitor object surfaces is consid- 
ered. A high-precision non-contact device based on the ad- 
vanced laser technologies and methods of optical interferome- 
try, namely a double-pass laser interferometer with integrated 
branches, is developed to perform these measurements. The 
calculated and experimental validation of the device is offered. 
Thus, the quality and condition of the materials and products 
can be controlled by means of the acoustic non-destructive 
methods. 


Materials and Methods. New software and mathematical models 
describing optical fields of the interference patterns generated 
by the interferometer under consideration are offered. Various 
types of beam splitters and cases of polarization are used under 
the numerical simulation of the intensity distributions in the 
interference patterns. 

Research Results. New mathematical models and software for 


the numerical simulation of the optical radiation intensity fields 
in the interference patterns considering both linear and angular 
components of small displacement of the surface of the test 
object are developed. A new interference technique of measur- 
ing small linear and angular displacements is developed and 
theoretically grounded. It allows combining the meter measur- 
ing capabilities for both small linear and angular displacements 
of the monitor object surfaces in a single tool. New optical inter- 
ference methods and means for the noncontact measurements of 
small linear and angular movements of the monitor object sur- 
faces that implement the method capabilities and extend the 
functionality of the known indicators of small displacements are 
offered. 

Discussion and Conclusions. The obtained results can be used 
for the high-precision measurements of small linear and angular 
displacements of surfaces of the objects under control. Areas of 
application are the following: experimental research; assessment 


and diagnostics of the structural materials samples; investiga- 
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I[MOHHBIX MaTepHasIoB; UCcieqOBaHuA ObICTpOoMpoTekarollux tions of fast wave processes in the layered structures of complex 
BOJIHOBBIX TPOMeCCOB B CJIOMCTBIX KOHCTPyKUMAX CJIO2KHOU shape made of the anisotropic composite materials. The methods 
(POPMBI, BBITOJIHCHHBIX H3 AHH30TPONMHbIX KOMIMO3HI[MOHHBIX 
MatTepnaoB. Mertojybl, paspa0oTaHHble B paMKax JlaHHOTO UC- 
CJI€¢OBaHHA, IIPHMeCHUMBI B TAKHX OTPacsIAx, KaK MallIMHOCTpoe- 


developed in this study are applicable in such industries as me- 
chanical engineering, shipbuilding, aircraft engineering, instru- 


Hue, CyOCTpoeHHe, aBMacTpoeHHe, MpHOopocTpoeHue, 3Hepre- ment making, power engineering, and etc. 


THKa HT. I. 
Ku104ueBbie C10Ba: J1a3epHbIM UHTepPepoMertp, U3MepeHuA Ma- Keywords: laser interferometer, measuring small displace- 
JIBIX TI@peMeIICHHH, JIMHeMHbIe MepeMellleHuA, yIIOBbIe Tepe- ments, linear displacements, angular displacements, object un- 
MeCIICHHA, OObCKT KOHTPOJIA, WHarHOCTHKa COCTOAHHA. der control, condition diagnosis. 


Bsejenne. B Hactoaliiee BpeMaA aKTyaJIBHOM HAayYHONK MU MpHKIaTHOU 3aaveu ABJIACTCA CYICCTBCHHOe MOBBIMIeHHe 
TOUHOCTH, KavecTBa HW HHPOPMAaTHBHOCTH Pe3yJIbTaTOB U3MepeHH MaJIbIX MepeMeleHHH MOBepXHOCTeH OObEKTOB KOHTPOJIA. 
C 9To IeubIO pa3spa0aTHIBaIOTCA HU BHEJIPAIOTCA BbICOKOTOUHbIC O€CKOHTAKTHbIe CpeJICTBa H3MepeHHi, OCHOBAHHbIe Ha CO- 
BPCMCHHBIX Jla3ePHbIX TEXHOJIOIMAX WH MeTOax ONTHYeCKOM HHTepdepomMetpuu. B 3sTOM city4ae pW KOHTposIe KayecTBa U 
MarHOCTHKe COCTOAHHA MaTepHasIOB UW CHJIOBBIX ICMCHTOB H37eIMN HeoOxoqMMasd HHOpMallMA perucTpupyetca akycTu4e- 
CKHMU Hepa3pylllaroliuMu MeTosamnu | 1—7]. 

Hay4Ho-lccleqOBaTesIbCKad HU MpOW3BOICTBeCHHad JICATCIIbBHOCTb TpeOyIOT ajleKBaTHOM JMarHOCTHKU COCTOAHUA KOH- 
CTPYKUMOHHBIX MaTepHasioB HU W3,eIMM Ha pa3sIM4HbIX 9TaMWax HX 9KU3HEHHOLO WMKJIa UW 9KCIEPMMeHTAIbHbIX UCCIeENOBaHUH, a 
TaKKe OTCIeCKUBAHHA TIpoleccoB WedekToOoOpa30BaHuA B HOBbIX KOHCTPYKIMOHHBIX MaTepnamax. IIpu 39TOM OXHHM U3 
HanOoslee NepCieKTHBHBIX MpHOOPoB ABIIAeCTCA JBYXXOJOBOM Ja3epHbIM MHTepdepoMeTp C COBMELIICHHbIMH BeETBAMH, ajlaliTH- 
POBaHHbIM JIA pelleHuaA U3MepHTebHBIX 3aa4 [8-11]. B uactHocTu, WemecooOpa3Ho U IPPeKTHBHOM MWpecTaBAeTCA MO- 
mudukalna, Wpesqnouararomlad pactiupenve PyHKIMOHAIbHBIX BO3MOXKHOCTeH HHTepPepoMetpa 3a cueT OOecCTIeYeHHA OJJHO- 
BPCMCHHOLO H3MepeHHA JIMHEMHBIX UW YFIOBbIX COCTABJIAIOINIMX MasIbIX TepeMeIeCHUM MOBEpXHOCTeM OOBCKTOB KOHTPOIIA. 

Tlenb uccseqoBannua. [lenbro JaHHOro UCCIEIOBAaHHA ABJIAKOTCA paspaOoTKa UW pacdeTHO-3KCIeCPUMeHTasIbHOe OOOC- 
HOBaHHe ONTHYeCKOrO HHTepPepeHUMOHHOLO YCTPOMCTBAa JX OCCKOHTAKTHOrO H3MepeHHA JIMHCMHBIX UU YIIOBbIX COCTABIJIA- 
FOUMX MaJIbIX TepeMeICHHH MOBeEpXHOCTeH OOBEKTOB KOHTPOJIA MPH WWarHOCTHKe COCTOAHUA MaTepHasiOB MW U3J[eIMM aky- 
CTHYCCKMMH MeTOJaMH Hepa3pylllarolllero KOHTPOJIA Ha OCHOBE JIBYXXOJIOBOLO JIa3epHOro HHTepdepoMetTpa C COBMELICHHbIMU 
BeTBAMH. 

Unculennoe MOeJMpOBaHne HM aHaJIM3 ero pe3syIbTaTOB. Pa3paOoTaHbI HOBbIe MaTeMaTH4eCKHe MOI, ONMCHI- 
BarlollMe OMTHYeCKHe NOIA MHTepPepeHUMOHHBIX KapTHH, CO3JaBaeMble pacCMaTpUBaeMbIM HUHTepdepomertpom. IIpez0x*xeHO 
HOBOe OPHTHHAaIbHOe MporpaMMHoe ObecrieyeHue, peasM3yrollee JaHHble MaTeMaTHYeCKHe MOJeIIM, 3alllMI[eHHOe CBUeTeJIb- 
CTBaMH O rocyjapcTBeHHOU peructTpaliMu mporpamMM Jia IBM [12-14]. 

IIpoBeyqeHo 4csICHHOe MOJeJIMpOBaHNe paciipeyeseHHM MHTCHCHBHOCTH B MHTepPepeHUMOHHBIX KapTHHaXx, CO3aBa- 
€MBIX PaCCMaTPHBaeMBIM Jla3epHbIM HHTEPMepoMeTpom, C IIpHMeHeHHeM JaHHbIX MATeMATHYeCKHX MOJeeH HW IporpaMMHOoro 
oOecrreyeHua. [Ip 9TOM MCHOIb30BaHbI Pa3zIM4Hble BUI CBETOACIUTeIeH U pa3sIM4Hble Crydav NOMApH3allHH. 

Hekoropple 13 MOJIYAYeCHHBIX Ppe3yJIbTaTOB NIpeCTABJICHbI B BUe PUCyHKOB. Tak, rpaduKk Ha puc. | oTpaxkaeT pacripeye- 
jleHwve MHTeHcHBHOcTH /(@) B rOpv30HTaIbBHOM CeYeHHH MHTepPepeHWMOHHOM KapTHHbI BAOIb KOOPAMHATHI © B OOAaCcTH 


HaOsJIOJeHUA MHTepdepeHIMOHHON KapTHHBEl. 
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Puc. |. PacnpeaeneHuve HHTCHCHBHOCTH B rOpH30HTAaJIbBHOM Ce4YeHHH HHTep*epeHUMOHHOM KapTHHbI 
(cBeTOJeMTeIb — aMINIMTy Had CHHYCONaIbHad pellleTkKa, MapasiesbHad NOUApPH3allHA ) 


Fig. 1. Intensity distribution in horizontal section of interference pattern (beam splitter - amplitude sinusoidal grating, parallel polarization) 


Mupowunuuenkxo H. If, Tepcnekmuéenoe ycmpoucmeo 071A uzmMepenua UNeUnHOU U y2106blX COCMABIATOUWUX 





Ha rpaduke noka3aH Cilydali MapalwieIbHOW NOApuzalluu, Kora B pacCMaTpHBaeMOM UHTepdepometpe B KayecTBe 
CBeETOJCIMTeIA UCMOIb3OBaIaCh AMIVIMTY Had CHHYCOMalIbHad pellieTKa. 

B ciryuae, mpecTaBJIeHHOM Ha puc. 2, CBeTOJeIMTeIb — aMIVIMTyIHad CHHYCOMaIbHad pellieTKa pu WepleHyuKy- 
JIAPHOK NOMApPH3al{Hu. 
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Puc. 2. PacipeaeneHve HHTCHCHBHOCTH B rOpH30HTAJIBHOM CC4YeHHM HHTepdepeHUMOHHOM KapTHHbI 
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(CBeTOeIMTeIb — aMIMVIMTy Had CHHYCOUasIbHad pellieTKa, MeplmeHANKyJApHad NOMApU3alluA) 


Fig. 2. Intensity distribution in horizontal section of interference pattern 
(beam splitter - amplitude sinusoidal grating, perpendicular polarization) 


Ha puc. 3 cBeToqeIMTeIb — 9TO (a3z0Badt CHHYCONaIbHad pellleTKa JIA Cy4ad NepneHAMKyJApHON NOJApH3alMH. 


Be) a FE SE: 


‘COE CRC E 
Poe li Pies 
Mi Seer i) VT aa 

aot HY ‘eal A Hh 





-12 -10 -8 ~ 4 12 
6 rpag 


Puc. 3. PacnpeyeneHuve HHTCHCHBHOCTH B rOpH30HTaJIbBHOM Ce4YeHHH HHTepdepeHUMOHHOM KapTHHbI 
(cBeTOJeMTesb — (a30Bad CHHYCONasIbHad pellleTKa, NepleHIMKyIApHasd NOUApH3allH4 ) 


Fig. 3. Intensity distribution in horizontal section of interference pattern (beam splitter - phase sinusoidal grating, perpendicular polarization) 


Hakouell, Ha puc. 4 cBeToqemuTeib — ()a30Bad 30HHad MWIACTHHKAa JIA CIy4ad WeplneHIMKYJAPHOU MOApv3alHH. 
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Puc. 4. PacnpeyeseHue HHTCHCHBHOCTH B rOpH30HTAJIbBHOM CC4YeHHM HHTepdepeHUMOHHOM KapTHHbI 


(cBeTOJeMTeIb — (/a3z0BaKd 30HHad MWIaCTHHKA, NepmeHMKyJApHad NOApH3allHA) 


Fig. 4. Intensity distribution in horizontal section of interference pattern (beam splitter - phase zone plate, perpendicular polarization) 
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Ha pue. 1-4 ucnomb30BaHbI Ciesxyrouue OOo3HayeHHa: | — 3aBHCHMOCTb HoOslyYeHa TIP JIMHeCMHOM MepeMelleHun 
Ah =0 1 yrmoBom nmepemenjenuu Ao = 0°; 2 — 3apucumocts nosmyyena mpu Ah = A/4 uv Aa = 0° (rye A — agua BosHEI onTH4ye- 
CKOrO H3JIy4eHHA UCTOUHUKA). 

AHasIn3 pe3yJIbTaTOB UMCIICHHOrO MOJeJIMpOBaHHA, MOJTYYeHHbIX JIA pa3ssIMYHbIX THIMOB CBETOeJIMTeIeH, MOSBOIIACT 
yTBepxaTb cilenyroujee. EcM cpaBHMBaTb MapaliesIbHy!O MU TepleHAMKyIApHy!O MOJMApU3alMIO, TO B MOCeqHeM CJIyyae, 
KOra BEKTOP HallpsxKCHHOCTH 3BICKTPHYECKOLO MOA HAXOAUTCA B MWJIOCKOCTH, NeplMeHAUKYJIAPHOU MJIOCKOCTH WayeHuA, BO3- 
MO?KHO OosIee NOHO UCCIELOBaTb BJIMAHME WUdpakIMOHHbIX CBOMCTB CBeTOJeIMTeeH Ha NapamMeTpbl (OPMUpyeMoNu UHTep- 
(DepeHUMOHHOM KapTHHBI. 

AHasIv3 pe3yIbTaTOB TakK2%Ke MOKa3aJ1, UTO IPM UCIOJb3OBAHHU B KAYeCTBE CBETOJeUTeeN AMIMIMTYHbIX pellleTOK 
oOpa3yroTca WudpakIMOHHbIe MaKCHMyMBI —1 u +1 nopsyKoB (cM. puc. 2), a Ip MCHONb30OBaHHU (a3OBbIX PellleTOK KpOMe 
HUX TIPHCyYTCTBYIOT ell[e MAKCHMYMBI BBICIIMX MOPAIKOB (CM. puic. 3-4). 

IIpumMeHenne (a30BbIx pellleTOK Mp pellleHHU H3MePUTeJIbHBIX 3a/1a4 JOCTATOUHO MepCleKTUBHO, Tak KaK MO3BOJIAeT 
MOJIYYHTb B MakKCHiMyMax —1, 0 u +1 NopaaKoB IpHMepHO OAMHAKOBBIe aMIVIMTyIbI W3MCHCHHA MHTCHCHBHOCTH. IIpu sTomM 
aMIVIMTy a MHTCHCHBHOCTH B MakKCHMyMax —1| vu +1 NOpsAKOB BBIIIe, 4EM B COOTBETCTBYFOINIMX MaKCHMyMax, OOpa3yrOIIUXxcA 
TIPH MCHOUb3OBaHUH AMIJINTY HOU pellleTKH. 

Pe3yIbTaTbI MOJeUMpOBaHHA MOKa3asIn, YTO paspadoTaHHble MaTeMaTH4eCKHe MOJeIM UH IporpaMMHoe ObecrieueHue 
MO3BOJIAIOT HCCICOBATb BIIMAHHe BUA CBETOCJIMTeIA U Pyrux MapaMeTpOB paccMaTpHBaeMOro HHTepdepomertpa Ha Mop- 
MUpyeMble HHTepMepeHIMOHHbIe KAaPTHHBI, YTO OOecHe4uMBaeT YMCICHHOe OlIpeseseHve WapaMeTpoB cpeJIcCTBa H3MepeHUi, 
ONTHMAJIBHBIX JIA 3aaHHOM U3MepHTeIbHOM CXEMbI M KOHKPeCTHOM M3MepHTeJIbHOU 3aa4dH. 

Metro wW3MepeHHH JIMHeHHBIX HW YIJIOBbIX COCTABJINIOWUIMX MaJIbIX TepeMelleHHH HW ero pac4erHo- 
TeopeTH4ecKoe OOOCHOBAHHE. Pe3ysIbTaTbI OMMCAaHHOTO BbIMIe YMCIICHHOrO MOJIeIMpOBaHHA MO3BOJIMIH pa3spadoTaTbh MeTO] 
YW3MepeHu JIMHeMHbIX MW YIIOBbIX COCTABJIAFOMIMX MaJIbIX TepeMeleHHM MOBepXHOCTeH OObEKTOB KOHTpoOIA. Hops MOAXOT 3a- 
KJIHOUAeTCA B AHAIV3e pactipesesIeHHH MHTCHCMBHOCTH B MaKCHMyMax —1 uv +1 NOopsyKOB HHTepPepeHUMOHHONM KapTHHBI. 

V3 pe3ybTaTOB MOJeuIMpoOBaHHA CilefyeT, 4TO B Ciy4ae BbIMOJHEHHA YCOBHA KOMMapHpoBanHa MHTeHcuBHOCTS J! u 
I‘! coorpercrBeHHO B MakcuMymax —1 u +1 nopsyKoB MHTepdepeHIMOHHON KapTHHbI W3MeHAeTCA OZMHAaKOBO. B npoTHBHOM 
cylyuae XapakTep H3MeCHeEHHA MHTCHCHBHOCTH B MAKCHMyMax YKa3aHHbIx MOPAAKOB pa3JIM4eH. 

Vismepenne untencusuoctei J! u J*' 8B Makcumymax —1 u +1 nopsakoB uHTepdepeHUMOHHOM KapTHHbI MO3BOlAeT 
BMCCTO ypaBHeHHA C JIBYMA HeM3BeCTHbIMH MOJIYYNTh CHCTeMy ypaBHeHHM OTHOCHTeIbHO Ah u Ao (COOTBeETCTBeEHHO JIMHeH- 
HOW UW YIIOBON COCTABJIAFOINIUX MaJIOrO MepeMeleCHHA MOBEPXHOCTH OObEKTA KOHTPOIIA): 


I = f (Ah, Aa) ay 
I! = f,(Ah, Aa) 
rye f,(Ah,Aa), f,(Ah, Aa) — w3BecTHbIe 3ABHCHMOCTH COOTBETCTBEHHO JI MaKCHMyMoB —1 u +1 nopayKa, CBASbIBaFOLHe 


WHTCHCHBHOCTH COOTBETCTBeEHHO Cc JIMHeMHOM Ah u yrmoBol Aa cOcTaBIIAKONUIMMM MasIOrO MepeMelleHHA MOBeEPXHOCTH OObeKTAa 
KOHTpOJIA. 

3HayeHua Ah u Aa, yoopseTBopsrolMe cuctemMe (1), U OyAyT COOTBeETCTBOBAThb JICHCTBUTeJIBHOMY TepeMellleCHHIO 
oObeKTA. 

IIpu npopeyeHun 4ceHHOrO MOeMpOBaHHA ObIM MOJTYYeHbI 3ABMCHMOCTH MHTCHCHBHOCTH OT / B WMalla30He OT 


h=0,0052m no h+0,5A™M mua 3HayeHui a =0,07°+A a B MakcuMyMax —1| u +1 nopsyKos. 


OTMe4eHHbIe 3ABMCHMOCTH Ia 3HaYeHHH A a=0 , A a=0,003', A a=0,006 toKa3aHpI Ha puc. 5, a (B MaKcH- 
MyMe —1 nlopsyka) u 5, b (B MakcumMyMe +1 nopsyka). 
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Puc. 5. Pe3yIbTaTbI YUCIICHHOrO MOJeIMpOBaHHA 
Fig.5. Numerical simulation results 


Mupowunuuenxo H. I, Wepcnekmuéenoe ycmpoucmeo 011A uzMepenua JUNeUHOU U y2Z106bIX COCMABIATOUWUX 





J|id MOACHCHHA CYIIHOCTH pa3padoTaHHOrO MeTOa AOMYCTUM, 4TO B pe3yJIbTAaTe W3MePeHHA TOyYeCHbI 3HAa4eCHHA 
vuuteHcuBHoctu J! = O5 ul +t 0,09. 

V3 maHHbix pyc. 5, a cyenyet, uto TL * =0,5 COOTBeETCTByeT MHOxKecTBO ap Aa nu AA, Hanpunmep: 
Aa=0, Ah=0,08i1; Aa=0,003°, Ah=0,14A4; Aa=0,006°, Ah=0,2A uw t.y. AnanormaHo UH B OTHOMeHHH 
I* = 0,09. 


OyHaKO 3TH MHOMKECTBA MMCHOT TOJIbKO OJHY OOMLYHO TOUKY, KOTOPad UM ABJIACTCA PellIeHHeM CHCTeMbI ypaBHeHHuii 
(1), aumMeHHO TouKa A a=0,003°, A h=0,14A (puc. 6). 
Ah, 
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Puc. 6. [Ipumep pemienna 3ayqaun 


Fig.6. Problem solving example 


~ ~ 7-l +1 
Jl1a TocTpoeHuA 3ABUCHMOCTel Ha 3TOM PUCYHKe perMcTpupoBasuch 3HaveHHA MHTeHCHBHOcTeH J =0,5, J” =0,09 


B HalipaBsleHuax ©) 1 ©2 COOTBETCTBEHHO JIt MaKCHMYyMOoB —1 1 +1 TMOpAKOB, B KOTOpBIX ObUIM H3MepeHbI MHTeHCHBHOCTH J 7! 
u qt} 

OTH %Ke 3ABHCHMOCTH MOXKHO TOJYIUTh TpaduyeckUM CIOCOOOM U3 pe3yJIbTaTOB, YaCTb KOTOPBIX IIpeycTaBsIeHa Ha 
puc. 6. 


Ilo pe3yibTaTaM YACICHHOrO UCCHeOBaHHA JAaHHOTO MeTOa H3MepeHH Oblia pa3spadoTaHa MeTOMKa ero peasu3a- 
IMM pu pellleHuu MpakTH4ecKHX 3a1a4. 
OKCHePpUMeHTAJIbHOe HCCIeLOBaAHHe WM aHaJIM3 ero pesy1bTAaTOB. I[pu NpoBeyeHuN UcCHeqOBaHMA UCHOIb30BaHa 


9KCHeCPUMeHTasIbHad YCTaHOBKa (puc. 7), MO3BOIAFOMIAA OOCCHeEYMTh pa3esIbHOe HU OJHOBPCMeHHOE BOCIIPOU3BeeHHe 3aAaHHBIX 
JIMHEMHON VU YIIOBON COCTABJIAFOIUIMX MaJIbIX TIepeMelleHHH. 





10 





Puc. 7. CxeMa 39KCIHepHMeHTasIBHOM yCTAaHOBKH 


Fig.7. Experimental plant diagram 


JlaHHasd yCcTaHOBKa COCTOUT H3 CJIeYOUINX 3JIEMeHTOB: | — ONTHYeCKH CBA3aHHble MW MOCICIOBATeJIbHO pa3MelI[eHHBIe 
HCTOUHMKM KOrepeHTHOrO OnTHYecKoro H3y4eHua (He-Ne na3ep, TMHa BoIHEI A ~ 0,63 mKm); 2 — doxycupyromas suH3a; 3 — 


TMadparma lpoctTpaHcTBeHHoro (usIbTpa; 4 — CBeTOJeJIMTesIb, 2KCCTKO 3aKPeIICHHbIM B ycTpolicTBe 13; 5 — orpaxxatTesb; 6 — 
9kpaH; 7 — WudpoBoe oTompHemMHoe ycTpoticTBo; | 1 — ycrpolvicTBo peructpauMu u oOpadotKu (IISBM). 
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Jud CO3aHUA MOCIIMPyeMbIX JIMHCMHOM VU YIIOBOM COCTABJIAIOWIMX MaJIbIX NepeMeleCHHH OTpaxKaTesb 5 yCTaHOB- 
JIeH Ha Mbe30971eMeHTe 8 C MOMOIIbIO WIacTHHOK 16 u 17, KOTOpbIe Cc OAHOFO Kpad COeMHEHBI WapHupom 15, ac Apyroro — 
2KECTKO CBA3AHBI C Tbe309IEMeCHTOM 18. PerysaTopbI MexaHu3ma 12 KpemmeHHaA WbesooIeMeHtTa 8 CilyKaT WIA FOCTHPOBKU 
9JIEMCHTOB YCTaHOBKH. I[be309s1IeMeHTHI 8 u 18 dIeEKTpH4YeCKM COeAMHEHbI C HCTOUHNKAaMH HalipsKeHna 9 u 19 wv WHndpoBbIMU 
BOJIbTMeTpamu 10 u 20 COOTBeETCTBEHHO. 

IIpHHuni WevcTBHA YCTAHOBKH 3aKJIFOUAJICA B CJICYIOIIeM. 

Vi3iryyenne sla3epa 1 mocie mpoxoxyzeHua (PoOKycUpyrIollen JHH3bI 2 MU WHadparMbl WpocTpaHcTBeHHOrO (usbTpa 3 
liIpeoOpa30BbIBasIOCb B pacxO/AMMica WyYOK. CBeTONeUTeIb 4 OCYIeCCTBIAT WeNeHve pacxoyAlleroca y4ka 10 aMIMJIMTy Je. 
OyHa 4acTb OTpaxkasach OT erO MOBeEPXHOCTH (HalipaBseHue S—S), a Wpyrad — OT MOBepXHOCTHU OTpaxatesa 5 (HallpaBsleHHe 
S*—$*). IIpu 3sTOM B pe3yibTaTe WudpakuMu Ha CHHYCONaIbHOM pellleTKe (CBeTOJeuMTeNe) KkNOMe MakKcuMyMa (0) nopsyKa 
(OpMUpoOBasIHCh MaKCUMyMBI —1 u +1 MOpAKOB. 

PeryiaTopamu yctTpolictBa kpenseHua 12 yoOuBalMCcbh MpOCTpaHCTBeHHOrO COBMeIIIeCHHA OOBEKTHOrO Iy4Ka 
(HanpaBieHne S*—S*) c ONOPHBIM (HalipaBsleHve S—S) B WJIOCKOCTH 9KpaHa 6, Ha KOTOPOM POpMUpoOBasach HHTepdepeHIMOH- 
Had KapTvHa B Bue MaKCHMyMoB —1, 0 u +1 nopasakKoB. MHTeHCHBHOCTb perucTpupoBaach (POTOMPHeMHbIM YCTPOHCTBOM 7, 
a pe3yJIbTAaTbI UW3MepeHH MepesyaBasIuchb Ia OOpadotKu B IIOBM 11. 

Ha puc. 8 lpeycTaBeHo H300paxKeHve THMOBOM HHTepPepeHUMOHHON KapTHHBI, rye oOOo3HaYeHHA «—1», «O», «+1» Co- 
OTBCTCTBYIOT MaKCHMyMaM HHTepdepeHIMOHHOK KapTHHb! —1, 0 uv +1 nopsyaKOB, B3aHMHOe MOO%KeCHHeE KOTOPBIX 3ABMCHT OT 
TepHoyla JudpakiMOHHOH pellleTKH UM OT paccTOAHHA Mex Ty CBETOeMTesIeM 4 4 9KpaHoM 6. 


«+1» 





Puc. 8. U300paxeHve THIOBON HHTepPepeHIMOHHOM KapTHHbI 
Fig. 8. Picture of basic interference pattern 


Jit MOJ.eIMpOBaHHA JIMHEMHOM COCTABIAIOMIeH MasIbIX MepeMelCHHH H3MeHAJIM Hallps2xKeHHe CTAaOWIM3HpOBaHHOro 
MCTOUHHKA 9 Ha Ibe309IEMEHTE 8, KOTOPHIM CMellal OTpaxkatesib 5. 

JI MOeMpOBaHusA YIIOBOM COCTAaBIIAIOMIeH MaJIbIX NepeMeleCHHM W3MeHAIIM HallpsxKeHve CTAaOWIM3HpOBaHHOrTO 
ucrounnka 19 Ha nWbe30971eMeHTe 18, B pe3yIbTaTe OTparxkaTeb 5 MOBOPayMBasICA OTHOCHTEJIBHO WapHupa 15. 

J|sId OMHOBPEMCHHOrO MOeIIMPOBAHHA JIMHCMHOU VU YIIOBON COCTABIIAIOINMX MaJIbIX MepeMelI[CHHH OJHOBPeMeHHO U3- 
MeHAJIN Hallps2KeHHe Ha Mbe309IeMeHTax 8 ui 18. 

KOHTpOJIb BEJIM4MHBI HallpsoKeHUA Ha Mbe309IeMeHTax 8 UH 18 OCYIeCTBIAICA LM@pOBbIMM YHUBepCasIbHbIMH BOJIb- 
TMeTpamu 10 u 20 COOTBeETCTBEHHO. 

Metoauka popeyqeHua IKCMePUMeHTa 3akKHOUaaCh B MOMWAarOBOM 3aaHHu JIMHeEMHOM cocTaBsiarollen Ah mMasioro 
TepeMelleHuA OTpaxatea 5 pH PUKCHPOBaHHOM 3HaYeHUH YIIOBON COCTaBIIAFOWeH Aa. 

Peructpauua curHasa PoTONpHeMHUKa 7 OCyIIeCTBIAIACh Ha KaxKOM Ware. IIpu stom Wudposble U300paxKeHHA HH- 
TepdbepeHI[MOHHOU KapTHHbI B MakKcuMyMax — |, 0 uv +1 NopsyKOB MepeyaBasucb B ycTpolicTBo 11 B Bue OTICIbHbIX PavisIOB 
CTaH]apTHBIX Tpaduyeckux POpMaTOB JIA OOpaooTKH. 

Pa3pa0oTaHHad MeTOMKa MpoBeyeHuA IKCHePUMeHTa OOecreuMJIa TaK2%Ke IKCICPHUMECHTAJIbHOe MOJeMpOBaHHe pac- 
CMOTPeHHOTLO BBIIe IpHMepa YMCJICHHOLO PellleHHA CHCTeMBI ypaBHeHHH (1). 

IIpu npoBeyeHuu 4MCsICHHOrO MOJ[eIMpOBaHHA OCHOBHbIe WapaMeTpbl MaTeMaTHYeCKON MOC U3MepnTesA OBIIM 
IIPHBeJICHBI B COOTBETCTBHe C MapaMeTpaMH JKCIICPHMECHTAJIBHOM YCTAHOBKH, UTO MO3BOJIMIIO COMOCTABUTh pe3yJIbTaTbI 4MC- 
JICHHOrO MOJ[eUMpOBaHHA UW IKCIICPHMECHTAIbHOrO UCCIeEOBAaHHA U MOATBepAUTb TEXHHYeCKYy!O peasIM3yeMOCTb pa3padoTaH- 
HOO MeTOJ[a H3MepeHHA MaJIbIxX MepeMellleHuH. 


=I +1 ae. w 
Vismepsmucs (puc. 9) 3anucumoctTu uHTeHcuBHocTH J u J” or nMHeHO CocTaBnarolmjei Ah Manoro mepemelte- 
HHA OTpakaTeia (MpeqcTaBleHa HalipsKeHHem U1 Ha Wbe30mpeoOpa30BaTese 8) U WIA pa3IM4YHbIX 3HAaYeHHM ero YIIOBON 
cocTaBsiaroljeH Aa Majloro MepeMellleHHA OTpaxartesAa (IpeszcTaBeHa HalipsKeHueM U2 Ha Tbe3sompeoOpa3oBarTese 18). YKa- 


3aHHbIe BEJIM4YMHbI PerHCTpUpOBAaIINCh B HalipaBsIeHuax ©; 4 O2 B MakKcuMyMax —1 u +1 TopsayKos (puc. 9, a u 9, b cooTBetT- 
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Puc. 9. Pe3ybTaTbI 9KCIeCPUMeHTAaJIBHOTO MOJeJIMpOBaHHA 


Fig. 9. Experimental simulation results 


Ha puc. 10 mpegctapnens 3aBMcuMocTu uHTeHcHBHOcTei / ean san TIOJIYYCHHbIe Mp cpaBHeHHU pe3ysIbTaTOB 
YHCIICHHOrO MOJ[eIMpOBaHHA WU 9KCICPHMCHTAJIbHOrO UCCIIeIOBAaHUA COOTBeETCTBeCHHO B MakKcHMyMax —| (puc. 10, a) u +1 
(puc. 10, b) nopsakKoB (CHIOMHON JIMHNeM TNOKa3aHbl pe3yIbTaTbI YACICHHOrO MOJeMpOBaHHA, ITYHKTHPOM — pe3yJIbTaTHI 
IKCHEPHMECHTAJIbHOrO UCCIeOBaHUs). 

1 '(Ah) 
l 


I* (Ah) 


0,8 


0,6 0,6 


Aa =0 


Aa = 0,006, 


0,4 


Aa =0,003° 


0.2 Aa = 0,006 





0,1 (),2 Ah, » 0,1 0,2 Ah, 2 


Puc. 10. CpaBHenue pe3yIbTaTOB YMCIICHHOrO MOJeJIMPOBAHHA HU IKCIEPUMECHTAJIBHOLO UCCIeOBaHHA 


Fig. 10. Comparison of numerical simulation and experimental research results 


AHasIv3 3€BHCHMOCTeH, IIpHBeeHHbIX Ha puc. 10, HariaqHO MOATBep%KaeT TEXHUYECKYHO PealIu3yeMOCTb pa3padoTaH- 
HOrO MeTOIa U3MepeHHA MasIbIX TepeMeleHHH. 

Criocod 13MepeHHa JIMHeHHON H YIIOBON COCTABJIAIONINX MaJIbIX TepeMellleHHH NMOBepXHOCTeH OOLEKTOB KOH- 
Tpowsa. Pe3syibTaTbl YACICHHOrO MOJeJIMpOBaHHe UV SKCICPHMECHTAJIBHOrO UCCIETOBAHHA NO3BOJIMIIM pa3spadoTaTb HOBbIM CiO- 
COO O€CKOHTAKTHOTO H3MepeHHA JIMHEMHOM UM YIIOBOM COCTAaBIIAIOUIMX MaJIbIX TepeMeIICHHM MOBeEpXHOCTeH OOBEKTOB KOH- 
Tposa. B qaHHOM Cylyyae B KaYeCTBE CBETOJCJIMTCIA UCHOJIb3YIOT CHHYCOMAIbHY!IO JM@pakiMoOHHy?o peleTKy. Ha skpaH Ipo- 
eI[MpylOT MakcuMyMBI —1 u +1 nopsaKOB HHTepPepeHUMOHHON KapTHHbI. DOTOMPHEMHUKH pa3eJAIOT Ha [Be TpyMlbl U pa3Me- 
WatoT B OOIacTAX MakKcUMyMoB —1 u +1 NOpsTKOB HHTepdepeHIMOHHOM KapTHHbI. 3HaYeHHA COCTABJIAIOMIMX Masloro Wepeme- 
ICHHA ONpeeAIOT Ha OCHOBAaHHN JIBYX 3HAaYCHHH WMHTCHCHBHOCTH, H3MepeHHbIX rpyumamMu (OTOMPHeEMHUKOB IO H3BeCTHBIM 
JIA KaXKOrO MAKCHMyMa 3aBHCHMOCTSM, CBA3bIBaIOINIMM ee C JIMHeCMHbIM U yIJIOBbIM MepemetleHieom. IIpu 3TOM B KauyecTBe pe- 
3yJIbTaTa IPMHUMatoT 3HadeHHe JIMHEMHON UM YIIOBON COCTABIAFOIUMX MepeMellleHHA, OHOBPeCMeHHO YOBIeCTBOpArOlee 3Hade- 
HAM W3MeCpeCHHOM MHTCHCHBHOCTH B MakcuMymMax —1 u +1 TopayKos. 

CyllleCTBeCHHbIM OTIMYNeM pa3spaboTaHHOro cnocoba OT H3BeECTHBIX AaHaJIOrOB ABJIAeCTCA OOeECHeYeHHe OJHOBPeMecH- 
HOM OCCKOHTAKTHOM perucTpalluu JIMHeEMHOM WU YrNOBOM COCTAaBJIAFONIMX MaJIbIX IIepPeMeICHHH MOBeEpXHOCTH OObeKTA KOH- 
TPOJIA IPH MOMOIMM OAHOFO ONTHYECKOrO H3MepHTeIIA MepeMelleHHH, YTO MO3BOJIACT CYIICCTBEHHO paclIMpuTb ero PyHKIIH- 
OHAJIbHbIC BO3MO2KHOCTH UH MOBbICHTb KAYeCTBO Pe3yJIbTaTOB H3MepeHui. 

OnucaHHoe TeXHH4eCKOe pellieHHe 3all[MM[eHO MaTeHTOM Ha u300perteune [15]. 
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Crioco0 u yCcTpoucTBO JI, M3MepeHHsA JIMHeEHHOM UW YIJIOBbIX COCTABJIAIOUINX MaJIbIX epeMellleHHH MOBepxHo- 
cTeHi OOLeKTOB KOHTpOJIA. OnvcaHHbli BbIIIe CIOCOO He MO3BOJIAeT OJHOBPCMeCHHO H3MepsATh JIMHCHMHY!O UW BCE YIJIOBbIe CO- 
CTABJIAIONIMe MasIOrO MepeMell[eHHA MOBeEPXHOCTH OObEKTa KOHTpOIA. OH MOXKeT ObITb MPHMCHHM K W3MepeHuto JIMHeEMHOM U 
TOJIbBKO OHO YIIOBOM COCTaBJIAIOMIMX MasIOoroO MepeMelleHHA IPH yCJOBHH, YTO BIIMAHWEM JIPyrOU YIMIOBOM COCTAaBJIAFOMeH 
MO%KHO lpeHeOpeys. JJaHHoe OOCTOATEJIbCTBO B 3HAYUTEJIBHONM CTeMeHH OrTpaHH4ynBaeT PYHKIMOHAIbHbIC BO3MOXKHOCTH 3ITOTO 
MeTOJIa HW OOaCTb ero IpHMeHeHH A. 

Ha mpakTnke Tipu MpoBeeHUU UCIbITAHUM PeasbHbIX OObCKTOB KOHTPOJIA TepeMellleHUA UX MOBeEPpXHOCcTeH, Kak IIpaBu- 
10, HMCFOT JIMHEMHY!O UM YIIOBbIe COCTaBIIAIOWMe. HeBo3MO2KHOCTL OHOBPeCMeHHONM PerncTpallMu JIMHCMHOU UW YIIOBbIX COCTAB- 
JIAFOWIMX 3HAYHTeEIBHO CHWKACT MHMOPMATHBHOCTh pe3yJIbTaTOB H3MepeHHuH, TpeOyeT yYCTAHOBKH JOMOJIHUTCIbHBIX YCTPOHCTB 
JIA PCTHCTpallMU YIIOBON COCTABIIAIOIIeM MepeMeleHHH, YCIOX%XHAA KOHCTPyYKUMHO M3MepHTeJIbHOLO YCTPOHCTBA. 

JIMHeHHyt0 UM BCe YIIOBble COCTABIIAFOMIMe MaJIOrO MepeMell[eHHA NOBEPXHOCTH OOBEKTA KOHTPOJIA MOXKHO OMpeyeIMTb Ha 
OCHOBaHHM 3Ha4YeHHM MHTCHCHBHOCTH, H3MepeHHBIX PpyllaMu POTOMPHeEMHBIX YCTPOMCTB B MakcuMymMax —1, 0 u +1 NopsyKoB, 10 
VW3BeCTHBIM JIA KaxKOrO MAKCHMyMa 3A€BHCHMOCTAM HHTCHCHBHOCTH OT JIMHCMHOU UW YIIOBbIX COCTABJIAFOWIMX MaJIbIx Mepemeliie- 
HUM MOBeEpXHOCTH OObeKTa KOHTpOIA. [pu 9TOM 3a pe3yJIbTaT H3MepeHHA IIPHHUMAIOT TO 3HAYeHHe JIMHeEMHOH UU yIIOBbIX COCTAaB- 
JIAFOWIHX MepeMellleHuA, KOTOPOe OAHOBPeEMeHHO YJIOBJIETBOPAeT H3MePpeHHbIM 3HAYCHHAM MHTCHCHBHOCTH B MaKCHMyMax —1, 0 u 
+] Tops KOB HHTepPepeHUMOHHONM KapTHHBI. 

Cxema OJHOrO 13 BO3MOXKHBIX BAPHAHTOB YCTPOMCTBa, Peauu3yrOlero NpewiaraeMbIl ciocoo, npescTaBsleHa Ha puc. 
11. 





pen 
ZS 


Puc. 11. Cxema ycTpolictTBa Jd U3MepeHHsA JIMHeCHMHOM UW YIIOBbIX COCTABJIAIOINIMX MasIbIX TepeMeICHHH MOBeEpXHOCTeH OOBEKTOB KOHTPOIA 


Fig. 11. Diagram of device for measuring linear and angular components of small displacements of monitor object surfaces 


JlaHHoe yCTpOHCTBO COCTOUT 3 CIeXYIOWIMX 3IEMeHTOB: | — HCTOYHHMK KOrepeHTHOFO ONTHYeCKOLO H3JIY4eHHA (s1a- 
3ep); 2 — onTHYecKasa cucTema, IpeoOpa3yrolllad U31yyeHve UcTOUHHKa | B pacxoaAMMiica Wy4oK; 3 — CBeTOJeJIMTEIIb, BbI- 
NOJHEHHBIM B BUC (Paz0BON pelleTKU; 4 — OTParxKarTelib, KCCTKO 3aKPeIWJICHHbIN Ha MOBeEpXHOCTH 5 OOBeEKTa KOHTPOMIA; 6 — 
9KpaH, B IJIOCKOCTH KOTOPOrO YCTaHOBJICHbI C BO3MO%KHOCTBIO PeryHPOBKH TOUO%KeCHUA (OTOIPMeMHbIe ycTpoucTBa 7 
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(HanpuMep, POTOAMOJBI H T. I., pc. 12), pa3sqeseHHble Ha Tp rpynmpl (8, 9, 10), kKaxx ad U3 KOTOPbIxX pa3Mell[eHa B COOTBET- 


CTBYIOINMX OOIAaCTAX MAaKCUMyMOB: —! TopsyaKa (11), 0 nopsgKka (12) u +1 nopsyka (13) nHTepdepeHuMOHHON KapTuHet 14. 
A-A 





7 6 14 


Puc. 12. Buemmmuit Buy, uHTepdepeHIMOHHON KapTUHbI! B OOaCTH 9KpaHa 


Fig. 12. Outer appearance of interference pattern on-screen 


@MOTOMpHeMHBIle YCTPOHCTBa 7 39JIEKTPH4eCKH COCMHEHbI C CHCTeMOM perucTpaluu, OOpadoTKU u OTOOpaxeHusA pe- 
3yYIbTaTOB H3MepeHHu. 

Otpaxatelb 4 ylaileH OT BHYTpeHHeH MOBepXHOCTH cBeTOeuMTeIA 3 Ha pacctosaHue h. OTpaxatetb 4 u CBeTOeM- 
TeJIb 3 PactIOJIOXKeHbI APyr K Apyry WO, yriom a. 

Bo3MO2KHBIM MOXET OBITh TAKXKE BAPHAHT, Ip KOTOPOM OTpaxaTesb 4 OTCYTCTBYeT, a ero (PYHKI[MH BbIMOJIHACT Ca- 
Ma OTpaxkatolllad MOBeEpXHOCTb 5 OOBEKTa KOHTPOJIA. 

Makcumymp! —1 nopayka 11, 0 nopayka 12 u +1 nopsyKa 13 uHTepdhepeHuMOHHON KapTuHE! 14 WpoelmMpyrotcs Ha 
9KpauH 6. 

JlaHHoe yYCTpOUCTBO paboTaeT CeAYIOUIUM OOpa3om. 

B mpoljecce 1poBeqeHHA UCHbITAaHHH Wp BOZ3HHKHOBeHHN JWMHeMHOM Ah u (uM) yrioBbrx Ao u AB cocTaBiaAromMx 
IlepeMeIeHUA MOBeEPXHOCTH 5 OObeEKTA KOHTPOJIA MPOMCXOTUT U3MeHeCHHe MHTCHCHBHOCTH OMTHYeCKOrO MOJIA B MaAKCHMyMax 
—] nopsagka 11, 0 nopayka 12 u +1 nopsagKa 13 unTepdepeHMoOHHOU KapTuHE! 14, B TOM 4MCJIC HM B COOTBETCTBYFOIIMX UX 
oOacTax MO MeCTY YCTaHOBKH BbIeICHHbIX rpynm 8, 9 u 10 doTOMpMeMHBIX yCTpOHCTB 7. 

@MoOTOMPHeMHBIe yCTpolcTBa 7 perucTpHpy!OT MHTCHCHBHOCTS OnTHYecKoro Noa. IIpu 9TOM pe3yIbTaTaMU U3Mepe- 
HUM ABJIAFOTCA 3HA4YCHHA MHTCHCHBHOCTEH, MOJTYAeCHHbIle OT KAKO 43 rpyn 8, 9 u 10 doTOMpHeMHEIX ycTpoucTs 7. 

Cuctema peructpalnu, oOpadoTKn U OTOOpaxKeHUA pe3yIbTaTOB H3MepeHHii OOecIieuuBaeT PerucTpallu1o 3HayYeHHH 
MHTCHCHBHOCTH OT KaxK ON 43 rpynn 8, 9 u 10 doronpHeMHBIX ycTpOHcTB 7 VW MpOu3BOANT Ux OOpaboTKy. 

Bo3MO2KHBIM BapHaHTOM OOpaodoTKH ABJIAeCTCA, HAIIPUMep, PellleHHe CHCTeMBI ypaBHeHH BUA: 


I" = f (Ah, Aa, AB) 
I° = f,(Ah, Aa, AB) , (2) 
I*' = f,(Ah, Aa, AB) 


roe f,(Ah, Aa, AB), £,(Ah, Aa, AB), £,(Ah, Aa, AB) — w3BecTHbIe 3aBHCHMOCTH COOTBETCTBCHHO JIA MaKCHMyMOB —| T0- 


pagka 11, 0 nopagka 12 u +1 nopsayka 13, cBa3bIBaIOlMe MHTCEHCHBHOCTH COOTBETCTBeEHHO Cc JMHeMHOUM Af vu yrmoBbimu Aa u 
AB cocTaBUAIOWMMu MepeMelleHua MoBepxHocTH 5 oObexta KouTpoms; 1, /° u J*!' — 3Hayenus MHTCEHCHBHOCTH, H3MepeHHBIe 
KaxKqOn u3 rpynm 8, 9 u 10 doronpweMHsIx ycTpolicTB 7, yCTaHOBJICHHbIX B COOTBETCTBYIOINMX OOAaCTAX MaKCHMYyMOB —1 
nopsaKa 11, 0 nopayKa 12 u +1 nopasyka 13 uNTepdepeHMOHHON KapTuHp! 14. 

Pe3yibTaTOM OOpadoTKH ABJIAIOTCA 3HAYeHHA JMHeMHON AA uv 3HaueHua yruoBbix Aa u AB cocTaBAOWIMx Mepemellle- 
HMA TOBEpXHOCTH 5 OObEKTA KOHTPOJIA, OHOBPeEMeHHO yOBJeTBOpAFOMMe 3Ha4eHHaM MHTeHcuBHocTH J, J uv J*!. 

OnucaHHoe TexXHH4eCcKOe pellieHHe TakxKe 3all[MleHO MaTeHTOM Poccuiickon Dexepaunuu Ha u300petTeHue | 16]. 


BpiBojbi. PaspadoTaHbl MaTeMaTH4ecKHe MOJeIM UM WporpaMMHoe OOecrieyeHHe JIA YACICHHOrO MOJesIMpOBaHHA 
TouIeH MHTCHCHBHOCTH ONTHYCCKOLO W3JTy4eHHA B HHTePMepeHUMOHHbIX KapTHHAaX, CO3TaBaeMbIX ONTHYCCKHUM H3MepUTesIeM 
MaJIbIX IIepeMeleCHHM Ha OCHOBE JBYXXOJOBOrO Ja3epHOro HHTepdepoMetTpa C COBMEIICHHbIMU BeTBAMH. II peyzcTaBseHHble 
HOBbIe MOJeuM UW TIO yantTerBatoT Kak JIMHeCMHY!O, Tak MW YIIOBbIe COCTAaBJIAFONIMe MaIOroO MepeMellleHHA MOBEPXHOCTH OO+bEK- 
Ta KOHTpOJIA. 
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Pa3pa0oTaH W Hay4YHO OOOCHOBAaH HOBbIN MHTepdepeHIMOHHbIN MeTON, COUeTAIOIMIMM B OJJHOM CpeJICTBe BO3MO%KHO- 
CTH HU3MepeHHA MaJIbIX JIMHEMHBIX WH YIIOBbIX TepeMeleHHH MOBepXHOCTeH OOBeEKTOB KOHTpoOJIA. JJaHHbIM MeTOJ, NO3BOJIAeCT 
paciMpuTb OOIacTb MpUMeHeHHA Ja3epHbIX HHTepPepOMeTPoB JIA CO3JaHUA Ha UX OCHOBE MepCHeKTHBHBIX CpeCTB WWarHo- 
CTHKW TEXHHYECKOLO COCTOAHHA MaTepHasioB U W3,esIMH. 

IIpexyiox%KeHbI HOBbIC ONTHYeCKHe HHTepPepeHIMOHHbIe CHOCOObI MH CpeCTBa JIA OCCKOHTAKTHBIX H3MepeHHH MalIbIx 
JIMHCHHBIX UW YIOBbIX TepeMeleCHHH MOBEPXHOCTeH OOBEKTOB KOHTPOIIA, PeaIM3yIOIWe BO3MOXKHOCTH MeTOAa HU paciiMpsaronHe 
(DYHKI[MOHAJIBHbIC BO3MO2KHOCTH H3BECTHBIX H3MepHTesieh MasIbIxX TepeMelleHHH. 

Ilomy4eHHble pe3yIbTaTbI MOryT ObITb HCHOJIb3OBaHBI JIA BbICOKOTOUHBIX H3MepeHHi MaJIbIX JIMHCMHBIX WU YIIOBbIx 
IlepeMeeHHM MOBepXHOCTeH OOBEKTOB KOHTPOJA PW MpOBeJIeEHHU IKCICPUMeHTAIIbHBIX UCCIeCTOBAaHuH, OLleHKe HM WMarHo- 
CTHKe COCTOAHHA OOPa3IlOB KOHCTPYKIMOHHBIX MaTepHasioB, (parMeHTOB MepCHeKTMBHBIX V3J[eIMM U W3euMH B IeJIOM, HC- 
CleOBAHHU ObICTPOMpOTeKAaFOIIMX BOJIHOBbIX MPOLeCCOB B CJIOMCTbIX KOHCTPyKIMAX CJIOXKHON (OPMBI, BbINOJIHCHHbIX V3 
AHV30TPOMHbIX KOMMO3HIIMOHHbIX MaTepHaloB, IIpH UCCIeOBaHHN TMpoleccoB JedekTOOOpa30BaHHA B JICHTOUHBIX BbICOKO- 
TeMIepaTypHbIxX CBepxXIIPOBOHuKax U T. 0. PaspadOoTaHHbI MeTOJ, IPHMeHUM B TaKHX OTpacsIAx, KaK MallIMHOCTpoeHne, cy- 
JOCTpoeHue, aBHacTpoeHue, IpuoOopocTpoeHne, dsHepreTuKa H T.J1. 
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